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MEASURING RETENTION OF CHROMATED COPPER ARSENATE I N  
CONIFER SAPWOOD BY DIRECT-SCAN X-RAY TECHNIQUES 

Susan M. Smith and J e f f r e y  J. M o r r e l l  
Department o f  Forest  Products 

Oregon S ta te  Univers i  t y  , C o r v a l l i  s , Oregon 97331 -5709 

J e r r o l d  E. Winandy 
USDA Forest  Products Laboratory 

One G i f f o r d  Pinchot D r .  
Madison, Wisconsin 53705-2398 

ABSTRACT 

This study was designed t o  i n d i c a t e  how w e l l  d i rect -scan 
X-raying p r e d i c t s  p rese rva t i ve  r e t e n t i o n  and d i s t r i b u t i o n  o f  
chromated copper arsenate ( C C A )  i n  wafers o f  c o n i f e r  sapwood. 
The i n t e n s i t y  o f  X-rays passed through western hemlock wafers 
t r e a t e d  w i t h  va ry ing  concentrat ions o f  CCA s o l u t i o n s  was 
i n v e r s e l y  p ropor t i ona l  t o  p rese rva t i ve  concentrat ion.  X-ray 
i n t e n s i t i e s  p red ic ted  98% o f  t h e  v a r i a t i o n  i n  p rese rva t i ve  
r e t e n t i o n  among t h e  wafers. I n t e n s i t y  o f  d i rect -scan X-rays 
passed through se lected t e s t  ma te r ia l s  was cons is ten t  over a 
9-month span. X-ray i n t e n s i t y  over 1000 readings a t  a s i n g l e  
scan p o i n t  had a c o e f f i c i e n t  o f  v a r i a t i o n  o f  0.1%. 
r e l a t i o n s h i p  between d i rect -scan X-ray i n t e n s i t y  and p rese rva t i ve  
re ten t i on ,  as w e l l  as t h e  r e p e a t a b i l i t y  o f  i n t e n s i t y  readings 
over t ime and t h e  small v a r i a t i o n  i n  i n t e n s i t y  readings a t  each 
data po in t ,  i n d i c a t e  t h a t  d i rect -scan X-ray techniques can be 
used t o  assess p rese rva t i ve  r e t e n t i o n  and d i s t r i b u t i o n  i n  wood 
t r e a t e d  w i t h  inorganic  a rsen ica l s  such as CCA. 

The s t rong 
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22 SMITH, MORRELL , AND W INANDY 

INTRODUCTION 

Ino rgan ic  a r s e n i c a l s  such as chromated copper a rsenate  a r e  

i n c r e a s i n g l y  used t o  p r o t e c t  wood f rom decay. Wood t r e a t e d  w i t h  

these  chemicals now represents  over  60% o f  t h e  t o t a l  annual 

volume o f  t r c a t c d  wood . Q u a l i t y  standards a r e  main ta ined by 

r e g u l a r l y  removing samples and de te rm in ing  t h e i r  chemical con ten t  

by such a n a l y t i c a l  techn iques  as X-ray f luorescence o r  atomic 

abso rp t i on  spectroscopy.2 Whi le  these techniques a r e  r e l i a b l e ,  
t hey  g e n e r a l l y  r e q u i r e  r e l a t i v e l y  l a r g e  q u a n t i t i e s  o f  wood p e r  

specimen (-1 g ) ,  avd t h e  r e s u l t i n g  a n a l y s i s  represents  t h e  

average chemical con ten t  o f  t h e  speciwen. Averages a r e  

s u f f i c i e n t  f o r  q u a l i t y  c o n t r o l  procedures; however, t hey  a r e  n o t  

adequate f o r  de termin ing  t h e  s p a t i a l  d i s t r i b u t i o n  o f  a chemical 

i n  t h e  wood. Analyses o f  smal l  specimens by more s o p h i s t i c a t e d  

methods such as ion-coupled plasma atomic a b s o r p t i o n  spectroscopy 

can improve p r e c i s i o n ,  b u t  such methods a l s o  r e q u i r e  b lend ing  o f  

wood m a t e r i a l .  I d e a l l y ,  s p a t i a l  d i s t r i b u t i o n  of t h e  p r e s e r v a t i v e  

should be determined i n - s i t u ,  w i t h o u t  d i s t u r b i n g  t h e  normal wood 

s t r u c t u r e .  D i rec t -scan X-rays rep resen t  one p o t e n t i a l  method f o r  

de termin ing  chemical l e v e l s  i n  a s o l i d  wood specimen. 

D i rec t -scan X-ray dens i tomet ry  has been i n c r e a s i n g l y  used t o  

determine d e n s i t y  values i n  p lan ta t i on -g rown  wood species;  i t  has 

t h e  c a p a b i l i t y  t o  measure average d e n s i t y  values ( i . e , ,  r i n g  

d e n s i t y  o r  average sample d e n s i t y )  t o  w i t h i n  a s tandard  d e v i a t i o n  
3 3  

o f  +0.011 g/cm . Th is  r e p o r t  descr ibes  how w e l l  d i rec t - scan  

X-raying p r e d i c t s  r e t e n t i o n  and d i s t r i b u t i o n  o f  chromated copper 

a rsenate  i n  t h e  sapwood o f  a c o n i f e r .  

1 

MATERIAL AND METHODS 

Clear,  f l a t - g r a i n e d  wafers  (0.33 cm t h i c k  by 5 cm wide by 

7.63 cm long)  were c u t  f rom t h e  t a n g e n t i a l  faces o f  13 western 
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RETENTION OF CHROMATED COPPER ARSENATE 23 

hemlock (Tsuna h e t e r o p h y l l a  (Rod) Sarg.) boards. A l l  wa fers  were 

t h e n  cond i t i oned  t o  approx imate ly  6% mo is tu re  con ten t .  From each 
o f  t h e  13 boards, 7 wafers were each randomly assigned t o  a 

d i f f e r e n t  one of 7 t rea tmen t  groups, so t h a t  t h e  s t a t i s t i c a l  

des ign  was a random b lock .  

were un t rea ted  and served as c o n t r o l s .  Each o f  t h e  o t h e r  

6 groups o f  13 wafers was p ressu re - t rea ted  w i t h  a s o l u t i o n  o f  

chromated copper a rsenate  (Type C )  a t  a d i f f e r e n t  concen t ra t i on :  

0.5, 1.0, 1.5, 2.0, 2.5, o r  3.0%, on an ox ide  bas i s .  The 

pressure-vacuum t rea tment  cons is ted  o f  an 880-mb (26- inch) vacuum 

drawn f o r  one-ha l f  hour and fo l l owed  by a $-hour p ressure  a p p l i e d  

a t  880 kPa (125 p s i ) .  Several  a d d i t i o n a l  wafers were i nc luded  i n  

each o f  t h e  7 groups t o  serve  as e x t r a s ,  as needed. The t r e a t e d  

wafers were a i r - d r i e d  t o  cons tan t  we igh t  a t  21°C (7OOF) and 58% 

r e l a t i v e  humSdity t o  p e r m i t  chemical f i x a t i o n  and t h e n  oven-dr ied 

t o  e l i m i n a t e  mois tu re .  

The 13 wafers  i n  one o f  t h e  groups 

Direct-Scan X-ray System 

3 A d i rec t - scan  X-ray system was used t o  measure t h e  

i n t e n s i t y  o f  X-rays passed th rough t h e  wafers  i n  t h e  d i f f e r e n t  

t rea tmen t  groups. The scanning system cons is ted  o f  an X-ray 

tube, a h igh-vo l tage power supply,  a l e a d - l i n e d  con ta inven t  box, 

a scanning t r a y  t h a t  moved a specimen beneath t h e  s t a t i o n a r y  

X-ray tube, a V ic to reen  photodiode X-ray s c i n t i l l a t i o n  d e t e c t o r  

w i th  an ou tpu t  c u r r e n t  t o  a V ic to reen  picoammeter, and a desk-top 

computer f o r  equipment c o n t r o l ,  da ta  a c q u i s i t i o n ,  and da ta  

ana l  ys! s . 

system s t a b i l i t y .  

f rom t h e  end, t he reby  c r e a t i n g  an a i r -gap  c f  10 mm i n  t h e  scan. 

(X-rays pass u n r e s t r i c t e d  th rough  a i r  and a t  a c o n s i s t e n t ,  

al 
For each scan, a D e l r i n  a c e t a l  wedge was used t o  v e r i f y  

It was fas tened t o  t h e  scanning t r a y  10 mm 
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24 S M I T H ,  MORRELL , AND W INANDY 

@ 
restricted rate through Delrin ; consequently, the ratio of 
X-ray intensity through these two mediums should be constant as 
long as the X-ray's energy spectrum remains the same.) 
wafer was placed on the tray immediately after the Delrin 
wedge, and the containment box was closed. 
the scanning tray in 0.1007-mm steps (4 steps/sec). 
step, X-rays were passed through the air-gap, the Delrin 
wedge, or the wood wafer and then through an aperture mounted on 
the scintillation detector. 
a current proportional to the amount of X-radiation passing 
through the material. 
impregnated with chemicals--will absorb more X-rays than 
low-density wood and produce a correspondingly lower X-ray 
intensity as measured by the detector current.) The detector 
current was converted to voltage by a picoammeter. 
sampled by a 12-bit analog-to-digital converter board in a 
desk-top computer that collected and stored the digital data. 
The digital representation of a picoammeter voltage will 
henceforth be referred to in this paper as X-ray intensity. 
(X-ray intensity can be converted back to picoammeter-volts by 
dividing by 4095 and multiplying by 10 volts.) 

The process was continued until the full 110-mm scan length 
was traversed. Initially, the aperture o f  the X-ray sensor was 
1.4 mm in diameter, but it was later replaced by one measuring 
0.1 mm by 1 m. The X-ray was excited at 25.3 kV; tube current 
was 1 mA. Each scan consisted of 1100 steps, with 20 readings 
averaged per step to reduce noise. A scan required 4.6 minutes 
to complete, not counting time to return the scanning tray and 
transfer data to a floppy disk for analysis. 

X-ray intensity dropped over time, perhaps because of 
heating of the sensor. 
through alr was compared at the beginning and end o f  each scan. 

The wood 
0 

A stepper motor moved 
At each 

@ 

The scintillation detector generated 

(High-density wood--including that 

Voltage was 

The drop was evident when X-ray intensity 
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RETENTION OF CHROMATED COPPER ARSENATE 25 

This drop, however, d i d  n o t  a l t e r  t h e  absorpt ion c h a r a c t e r i s t i c s  
o f  t h e  X-ray spectrum . The D e l r i n  wedge and wood wafer 
w i l l  absorb a constant percentage o f  X-rays regard less of t h e i r  

i n t e n s i t y .  I f  t h e  i n t e n s i t y  drop i s  large,  however, i t  must be 
compensated f o r  so t h a t  t he  mean X-ray i n t e n s i t y  through t h e  
wafer can be accu ra te l y  computed. Therefore, a l i n e a r  c o r r e c t i o n  
over t ime was app l i ed  t o  t h e  i n t e n s i t y  data i n  each scan. 
i n  order  t o  make scans comparable w i t h  each other ,  t h e  X-ray 

i n t e n s i t y  data i n  each scan were adjusted by t h e  f o l l o w i n g  

formula : 

3 6 

Next, 

yi = x (4000/AO) i 
where 

i = 1 t o  1100 
yi = adjusted X-ray i n t e n s i t y  a t  s tep i 
x = unadjusted X-ray i n t e n s i t y  a t  step i 
A = average X-ray i n t e n s i t y  through a i r  
i 
0 

4 
A random-block analys is  was made o f  t h e  mean X-ray 

i n t e n s i t y  generated by scans through each wafer i n  t h e  seven 
treatment groups. This ana lys i s  determined i f  t h e  s t a t i s t i c a l  

b lock ing  by boards removed a source o f  v a r i a t i o n  f rom 
experimental e r r o r ,  thus increas ing t h e  p r e c i s i o n  o f  t h e  
est imates o f  t reatment means as compared t o  t h a t  w i t h  completely 
randomized design; i t  a lso  determined i f  the re  were s i g n i f i c a n t  

d i f f e rences  among treatment means. 

X-rav Fluorescence Analysis 

A f t e r  t h e  X-ray scanning, t h e  wafers were ground and 

analyzed f o r  CCA r e t e n t i o n  by X-ray f luorescence. F i r s t ,  a 
1.59-cm s t r i p  was c u t  f rom t h e  wood surrounding t h e  s i t e  o f  t h e  
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26 SMITH, MORRELL, AND WINANDY 

X-ray scan o f  each wafer  assigned t o  t h e  random-block design. 

One o f  t h e  e x t r a  wafers f rom each t rea tmen t  group was c u t  across 

i t s  w i d t h  i n t o  t h r e e  sec t i ons  so t h a t  p r e s e r v a t i v e  r e t e n t i o n  

l e v e l s  cou ld  be compared w i t h i n  wafers as w e l l  as among wafers.  

The m idd le  s e c t i o n  was 3 cm long, and t h e  two end sec t i ons  were 

each 2 cm long. Each s e c t i o n  was ground f o r  30 seconds i n  a 

c o f f e e  g r inde r .  From each g r i n d i n g ,  1 g o f  m a t e r i a l  was poured 

i n t o  a smal l  pan (p rov ided by ASOMA Ins t rument ) ,  compacted by 

app ly ing  a to rque  o f  25 N m  w i t h  a hand press ,  and p laced i n  an 

ASOMA-8620 X-ray f luorescence ana lyzer .  P r e s e r v a t i v e  r e t e n t i o n  

was expressed as kg/ms on t h e  bas i s  o f  oven-dry volume and 

we igh t  o f  each wafer.  

The mean X-ray i n t e n s i t i e s  generated by scans th rough  each 

wafer  i n  t h e  seven t rea tment  groups were regressed on 

p r e s e r v a t i v e  r e t e n t i o n  by t h e  wafers as measured by t h e  

ASOMA-8620 X-ray f luorescence ana lyze r  i n  o r d e r  t o  determine how 

a c c u r a t e l y  d i rec t - scan  X-raying measured p r e s e r v a t i v e  r e t e n t i o n .  

V a r i a b i l i t y  o f  X-ray Scans Over Time 

R e p e a t a b i l i t y  o f  scans over  t i m e  was determined f rom 

randomly se lec ted  scans th rough a i r  and D e l r i n  a t  i n t e r v a l s  

up t o  9 months; scans th rough t h e  two media were compared i n  

terms o f  t h e  means, r a t i o s  o f  t h e  means, standard d e v i a t i o n s ,  and 

c o e f f i c i e n t s  o f  v a r i a t i o n  o f  X-ray i n t e n s i t y .  Because a i r  and 

D e l r i n  a r e  homogeneous m a t e r i a l s ,  repeated  scans d i d  n o t  

have t o  cover e x a c t l y  t h e  same p a t h  i n  o r d e r  t o  be comparable. 

The same equipment was used f o r  a l l  scans except t h a t  t h e  

o r i g i n a l  1.4-mn-diameter l ead  aper tu re  o f  t h e  X-ray sensor was 

rep laced i n  January 1989 by a brass a p e r t u r e  0.1 nun wide by 1 mm 
long.  

was increased f rom 1 mA t o  2 mA. The s m a l l e r  a p e r t u r e  was 

@ 

8 

Because o f  t h e  sma l le r  ape r tu re ,  c u r r e n t  t o  t h e  X-ray t u b e  
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RETENTION OF CHROMATED COPPER ARSENATE 21 

s u b s t i t u t e d  because decreasing aper ture s i z e  increases system 

r e s o l u t i o n ,  s ince  X-rays a re  passed through a r e l a t i v e l y  smal ler  

p o r t i o n  o f  wood a t  each scan step. 

be used t o  measure s p a t i a l  d i s t r i b u t i o n  o f  p rese rva t i ve  i n  a 

small volume o f  wood, such as around t o o t h  i n c i s i o n s ,  system 

r e s o l u t i o n  would become an impor tant  f a c t o r .  It has been s ta ted  

t h a t  decreasing aper ture s i z e  increases system v a r i a b i l i t y  . 

per  step t o  0.05 mm per  step i n  order  t o  increase system 

reso lu t i on .  X-ray i n t e n s i t i e s  were then compared i n  o rde r  t o  

determine i f  decreased step increment a f f e c t s  system v a r i a b i l i t y .  

X-ray i n t e n s i t i e s  were n o t  l i n e a r l y  corrected f o r  drop 

du r ing  each scan because t h e  drop was s l i g h t ,  u s u a l l y  on l y  one o r  

two i n t e n s i t y  po in ts .  X-ray i n t e n s i t i e s  f o r  each scan were, 

however, adjusted so t h a t  t h e  means o f  a l l  scans could be 

compared (Eq. 1). 

I f  d i rect -scan X-rays were t o  

3 

I n  some scans, t he  step increment was reduced from 0.1 mm 

V a r i a b i l i t y  o f  X-ray I n t e n s i t y  a t  a S ing le  Scan-Step 

I f  d i rect -scan X-rays were t o  be used t o  measure s p a t i a l  

d i s t r i b u t i o n  o f  p rese rva t i ve  i n  a small volume o f  wood, accurate 

measurements o f  p rese rva t i ve  r e t e n t i o n  a t  a s i n g l e  s i t e  would be 

e s p e c i a l l y  important.  

s i n g l e  scan-step was determined by p o s i t i o n i n g  t h e  X-ray head 

over a randomly selected s i t e  on one wafer i n  each o f  t h e  seven 

t reatment  groups, as w e l l  as over O e l r i n  and over a i r .  

While the  scanning t r a y  was he ld  s ta t i ona ry ,  1000 readings o f  

X-ray i n t e n s i t y  were c o l l e c t e d  per  scan and t h e  mean, standard 

dev ia t i on ,  and c o e f f i c i e n t  o f  v a r i a t i o n  were computed. Because 

X-ray drop dur ing each scan was n e g l i g i b l e ,  no adjustments were 

made f o r  it. Nor were X-ray i n t e n s i t i e s  f o r  each scan adjusted 

according t o  equat ion 1; t h i s  adjustment was omi t ted because data 

on X-ray i n t e n s i t y  through a i r  was n o t  c o l l e c t e d  f o r  every scan. 

V a r i a t i o n  o f  X-ray i n t e n s i t y  d u r i n g  a 

8 
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28 SMITH, MORRELL, AND WINANDY 

I n  add i t i on ,  one unt reated wafer and one wafer t r e a t e d  w i t h  
3% preservat ive were scanned twice.  
re turned between t h e  f i r s t  and second scan w i thou t  moving t h e  
wafer, thus ensur ing t h a t  X-rays were passed through t h e  same 
s i t e s  i n  consecutive scans. 

The scanning t r a y  was 

RESULTS 

X-ray Scans 

I n t e n s i t i e s  o f  X-rays passed through a wafer t r e a t e d  w i t h  

preservat ive con ta in ing  3% ox ide are shown i n  F ig .  1. 

I n t e n s i t i e s  o f  4000 a t  t he  beginning and end o f  t h e  scans 

represent u n r e s t r i c t e d  X-ray passage through a i r .  I n t e n s i t i e s  o f  
approximately 2800 a f t e r  t h e  i n i t i a l  a i r  readings represent X-ray 

passage through t h e  D e l r i n  wedge. X-ray passage through t h e  
wood wafers was inve rse l y  p ropor t i ona l  t o  p rese rva t i ve  

concentrat ion (h igher  ox ide concentrat ions were associated wi th 
decreased X-ray i n t e n s i t y ) .  I n t e n s i t i e s  were lower a t  t he  ends 
o f  t h e  t rea ted  wafers than i n  t h e  mid-sections, probably  because 
o f  more e a s i l y  t r e a t e d  end g ra in .  The n e a r l y  v e r t i c a l  l i n e s  

connecting i n t e n s i t i e s  through a i r ,  D e l r i n  , and wood wafers 
i n  F ig .  1 r e s u l t  f rom t h e  small advances made by t h e  scanning 
t r a y  (0.1007 m / s t e p ) ;  i n d i v i d u a l  steps occas iona l l y  caused 
vary ing propor t ions o f  t h e  d i f f e r e n t  m a t e r i a l s  t o  be.scanned 
simultaneously. 
against  t he  D e l r i n  , the re  was a smal l  a i r  space separat ing 
them; t h i s  space caused t h e  i n t e n s i t y  peak between D e l r i n  
and wafer. 

s i g n i f i c a n t  d i f f e rences  between t reatment  means. B lock ing by 
board e f f e c t i v e l y  increased t h e  p r e c i s i o n  o f  t h i s  experiment. The 
r e l a t i v e  e f f i c i e n c y  o f  t h e  randomized b lock design compared t o  a 

0 

@ 

Even though the  wood wafer was pos i t i oned  
8 

@ 

The analys is  o f  var iance (Table 1) showed t h a t  t he re  were 
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A 

loo0L 0 200 

B 

FIGURE 1 
(1) a i r ,  
CCA type 
faces of 
7.63 cm 

I 3 

h I I I I 

400 600 800 1000 

STEP NUMBER 

( A )  I n t e n s i t y  of direct-scan X-rays passed through 
(2)  Delrin' wedge, and (3 )  wood wafer t rea ted  wi th  
C preservat ive  solut ion.  (B)  Tangential and r a d i a l  
western hemlock wafer (0.33 cm th ick  by 5 cm wide by 
ong), showing X-ray scan path. 
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TABLE 1 

Prese rva t i ve  
t rea tment  8895610.1 6 1482611.8 558.941 <O. 0001 

Board 184222.2 12 15351 - 9  5.188 <O. 0001 

E r r o r  190980.68 12 2652.5095 

comple te ly  randomized des ign  was 1.64; t h e r e f o r e ,  b l o c k i n g  by 

board increased t h e  e f f i c i e n c y  by 64%. If a comp le te l y  

randomized des ign  had been used, 22 r e p l i c a t i o n s  p e r  t rea tmen t  

group would have been r e q u i r e d  t o  a t t a i n  t h e  same p r e c i s i o n  as 

was prov ided by t h e  13 r e p l i c a t i o n s  (boards) o f  t h e  randomized 

b lock  design. 

Mean separa t i on  based on Newman-Keuls' method (Tab le  2) 

showed t h a t  X-ray i n t e n s i t i e s  f o r  t h e  va r ious  t rea tmen t  groups 

d i f f e r e d  s i g n i f i c a n t l y ,  w i t h  one except ion :  i n t e n s i t i e s  f o r  

wafers t r e a t e d  w i t h  2% p r e s e r v a t i v e  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  from those f o r  wafers t r e a t e d  w i t h  1.5% p r e s e r v a t i v e .  

P rese rva t i ve  R e t e n t i  on 

Mean separa t i on  based on Newman-Keuls' method showed t h a t  

p r e s e r v a t i v e  r e t e n t i o n s  by t h e  wafers i n  each o f  t h e  seven 

t rea tment  groups were indeed s i g n i f i c a n t l y  d i f f e r e n t  f rom each 

o t h e r  (Table 2 ) .  Al though mean separa t i on  o f  X-ray i n t e n s i t i e s  
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TABLE 2 

I n t e n s i t i e s  o f  Direct-Scan X-rays Passed Through Prese rva t i ve -  
Treated Wood Wafers and Prese rva t i ve  Re ten t ion  by Those Wafers 

0 13 3629 a 0.134 a 
0.5 13  3458 b 5.552 b 
1 .o 13 3340 c 9.922 c 
1 . 5  13 3135 d 16.563 d 
2.0 13 3106 de 18.618 e 
2.5 13 2820 f 21.123 f 
3.0 13 2686 g 32.539 g 

_______--____---__--____I_________ ---- ------- -.-___---______________ 

*l Values fo l l owed  by t h e  same l e t t e r ( s )  a r e  n o t  s i g n i f i c a n t l y  
d j f f e r e n t  f rom each o t h e r  accord ing  t o  Newman-Keuls’ mean separa t i on  
procedures a t  a = 0.05. 

*2 Measured by t h e  ASOMA-8620 X-ray f luorescence ana lyze r .  

f o r  t h e  same wafers  i n d i c a t e d  t h a t  p r e s e r v a t i v e  r e t e n t i o n s  i n  
wafers  t r e a t e d  w i t h  2% concen t ra t i on  were n o t  s i g n i f i c a n t l y  

d i f f e r e n t  f rom those  i n  wafers  t r e a t e d  w i t h  1.5% concen t ra t i on ,  

t h e  d i f f e r e n c e  between mean r e t e n t i o n s  o f  these two groups was 

smal l  when compared t o  those between mean r e t e n t i o n s  o f  t h e  o t h e r  

groups. 

Regardless o f  concen t ra t i on ,  p r e s e r v a t i v e  r e t e n t i o n  as 

revea led  by  X-ray f luorescence a n a l y s i s  was g r e a t e r  a t  t h e  ends 

o f  wafers  than i n  t h e i r  mid-sect ions (Tab le  3 ) .  These da ta  

i n d i c a t e  t h a t  i n t e n s i t i e s  were lower  a f t e r  X-rays had passed 

th rough t h e  ends than  th rough t h e  mid-sec t ions  o f  t r e a t e d  wafers  

because p r e s e r v a t i v e  r e t e n t i o n s  were h i g h e r  i n  t h e  ends. 

average i n t e n s i t i e s  o f  X-rays passed th rough  these s e c t i o n s  were 

regressed on t h e  corresponding p r e s e r v a t i v e  r e t e n t i o n s  as 

When 
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32 S M I T H ,  MORRELL , AND W INANDY 

TABLE 3 

X-ray Fluorescence Ana lys is  o f  S i x  Wafers Trea ted  w i t h  CCA Type-C 
Prese rva t i ve  S o l u t i o n s  

Concentrat  1 on 
o f  CCA i n  2 cm on 3 cm i n  2 cm on 
t rea tmen t  s o l u t i o n  1 e f t  end m i  d-sect i on r i g h t  end 
( X  ox ide)  o f  wa fe r  o f  wa fe r  o f  wa fe r  

____________________l________l__________----_------------------------ 

Preserva t i ve  r e t e n t i o n  (kg/m3) in-- 
_.________________________l____________l----. I.- 

R2=0.979 

2.5 2.7 2.9 3.1 3.3 3.5 3.7 

X-RAY IMENSITY 

FIGURE 2. 
passed th rough p r e s e r v a t i v e - t r e a t e d  wafers  on cor respond ing  
p r e s e r v a t i v e  r e t e n t i o n  o f  a 1.59-cm s t r i p  sur round ing  t h e  scan 
s i t e  as revea led  by X-ray f luorescence a n a l y s i s .  

Regression o f  average i n t e n s i t y  o f  d i rec t - scan  X-rays 
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RETENTION OF CHROMATED COPPER ARSENATE 33 

indicated by X-ray fluorescence analysis, X-ray intensities were 
found to predict 95% of the variation in preservative retention. 
And when average intensities of X-rays passed through every wafer 
in the random-block design were regressed on the corresponding 
preservative retention by a 7.59-cm strip surrounding the site of 
the X-ray scan, X-ray intensities were found to predict 98% of 
the variation in preservative retention among wafers (Fig. 2). 
The prediction equation was Y = 124.237 - 0.0342 x and the 
standard error of the prediction was 1.6 kg/m3. 

Variability of X-ray Scans Over Time 

d Intensities of X-ray scans through air and Delrin at 
intervals up to 9 months were consistent as long as the aperture 
on the scintillation detector remained the same (Table 4). 
Different apertures produced different air-to-Delrin 
intensity ratios. 
apertures made of different metals had different effects on the 
X-rays collected by the photodiode scintillation detector. The 
differing ratios mean that X-rays collected by different 
apertures are not comparable unless intensities are adjusted. 

Decreasing aperture size, which increases system resolution, 
approximately doubled variation in X-ray intensity, probably 
because a smaller portion of the scintillation detector was being 
excited. With the larger, 1.4-mm-diameter aperture, X-ray 
intensities had a coefficient of variation (CV) of 0.04% to 0.07% 
of the mean, while the smaller, 1- by 0.1-mm aperture resulted in 
a CV of 0.1%. 

resolution, had no effect on system stability or system 
variability. 

d 

This change probably occurred because the two 

Decreasing the scan-step size, which increases system 
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34 SMITH, MORRELL, AND WINANDY 

TABLE 4 

Intensities of X-rays Passed Through Air and Delrin* at 
Intervals up t o  9 Months When Two Sizes of Apertures and of Scan 
Steps Were Used*l 

Air Del ri no Air 
Del ri nc 

(m) ( X I  (%) ratio) 

------ - -------- ----_ 
Date Aperture*2 ? s CV Y s CV (intensity 

N O ~  1 '88 1.4 diam. 4000 1.68 0.04 2798 2.01 0.07 1.429 
Nov 2 '88 1 .4  diam. 4000 1.42 0.04 2798 2.00 0.07 1.429 
Jan 12 '89 1 x 0.1 3998 3.45 0.09 2821 3.25 0 . l l  1.417 
Jan 12 '89 1 x 0.1 4003 3.97 0.10 2826 3.14 0.11 1.416 
Jan 12 '89 1 x 0.1 4000 3.86 0.10 2824 3.55 0.13 1.416 
Mar 16 '89 1 x 0.1 3999 3.78 0.09 2822 3.43 0.12 1.417 
Apr 26 '89 1 x 0.1 4000 3.95 0.10 2823 3.36 0.12 1.417 
Apr 26 '89 1 x 0.1 4002 3.65 0.09 2820 3.63 0.13 1.419 
May 11 '89 1 x 0.1 4000 3.53 0.09 2820 3.25 0.11 1.418 
June 6 '89 1 x 0.1 4000 3.50 0.09 2819 3.76 0.13 1.419 

___----___-__------------------.---------------.---------------------- 

*1 V = mean intensity. 
s = standard deviation. 
cv (coefficient of variation) = s/V x 100%. 

*2 Scan steps were 0.1 nan for the first seven scans and 0.05 nnn 
for the last three scans. 

Variability of X-ray Intensity at a Single Scan-Step 

One thousand readings of X-ray intensity at a single 
scan-step had a CV o f  0.1% when X-rays were passed through air, 
Delrin , untreated wood wafers, or wood wafers treated with 
any of the six CCA preservative solutions (Table 5 ) .  The small 
variation in intensity readings indicates that direct-scan X-ray 
techniques could provide a detal led representation of chemical 
distribution within a wood specimen. 
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TABLE 5 

A i r  3990 
D e l  r i  no 2807 
Untreated wood wafer 3643 

Treated wood wafers 
(% oxide)*2 

0.5 3539 
1 .o 3438 
1.5 3302 
2.0 3331 
2.5 31 88 
3.0 31 62 

3.89 
3.42 
3.63 

3.64 
3.58 
3.60 
3.52 
3.55 
3.49 

0.10 
0.12 
0.10 

0.10 
0.10 
0.11 
0.11 
0.11 
0.11 

*l ? = mean i n t e n s i t y .  
equat ion [l]. 

X-ray i n t e n s i t i e s  were n o t  ad justed by 

s = standard dev ia t i on .  
cv ( c o e f f i c i e n t  o f  v a r i a t i o n )  = s/V x 100%. 

through a i r ,  

"2 Concentration o f  CCA i n  t reatment s o l u t i o n .  

P lo ts  o f  two consecutive f u l l - l e n g t h  scans - 
8 

D e l r i n  , and a wood wafer t r e a t e d  w i t h  3% p rese rva t i ve  and o f  
two consecutive scans through a i r ,  D e l r i n  , and an unt reated 
wood wafer i l l u s t r a t e  t h e  s l i g h t  v a r i a t i o n  i n  X-ray i n t e n s i t y  a t  
s i n g l e  scan-steps i n  repeated scans (F ig .  3). Comparisons o f  t h e  
two sets  o f  X-ray scans i nd i ca ted  t h a t  bo th  d isp layed v a r i a t i o n s  
i n  i n t e n s i t y  a t t r i b u t a b l e  t o  background noise;  however, t h e  scans 
through t rea ted  wood displayed a d d i t i o n a l  v a r i a t i o n  because o f  

corresponding v a r i a t i o n  i n  p rese rva t i ve  concentrat ion i n  wood 

c e l l s .  
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RETENTION OF CHROMATED COPPER ARSENATE 37 

CONCLUSIONS 

The results indicate that direct X-ray scanning of wood 
treated with inorganic arsenicals can provide a non-destructive 
way to assess gross preservative content. However, the technique 
presupposes that untreated material of similar density i s  
available for comparison. Scanning can be used to assess 
distribution of preservative in wood without destroying the wood 
matrix; it provides a more detailed image of  chemical 
distribution than would be possible by conventional grinding and 
chemical analysis. While not practical for routine analysis, 
this technique holds promise for assessing preservative 
distribution in relation to wood characteristics such as 
heartwood/sapwood interfaces, latewood/earlywood differences, or 
tooth incisions. 
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FIGURE 3. Plots of (A) two consecutive scans through air, 
Delrin', and an untreated wood wafer and ( B )  two consecutive 
scans through air, Delrin', and wood wafer treated with 3% 
oxide CCA preservative. 
(boxed) appear beneath the plots. 

Enlargements o f  indicated plot segments 
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